Introduction
For over 10 years zirconia is used as a restorative material in dentistry for crowns and bridges. An unsolved problem is chipping. A main characteristic of zirconia is the transformation from monoclinic to tetragonal phase and cubic phase. During surface treatment like sandblasting a change from tetragonal to monoclinic phase is possible which cause a volume increase. This phase transformation can cause a change of the thermal expansion coefficient value from 7.5x10 -6 /K to 10.8x10 -6 /K which has an influence on the bond strength [6] . To avoid chipping of the veneered porcelain some manufacturers recommend a healing firing of the zirconia substrate after sandblasting, others recommend no sandblasting [3, 4, [6] [7] [8] [9] . Normally a good bond strength is given if the coefficient of thermal expansion of the veneered porcelain is smaller than of zirconia substrate in order to get compressive strain in the porcelain during the sintering and cooling process. Thus, it is important that the preparation steps of the bonding are done according to manufacturer`s instructions. The crack initation test according to Schwickerath, which is performed by 3-point-bending, is a standardized method to characterize the bond strength of metal-ceramic systems. According to ISO 9693 the bond strength can be calculated in two ways: (a) the bond strength is calculated according to B=kFfail with k as a correction factor depending on the Young's modulus and thickness of the substrate and Ffail repesenting the maximum load of the veneered ceramic until fracture or, (b) the bond strength can be calculated from a special diagram according to Lenz which include the thickness of metal and different young's moduli of the substrate from which k can be taken. According to ISO 9693 with both calculation modes the bond strength must be more than 25 MPa for metal-ceramic systems [1, 5] . In this study Zenotec Zr (Wieland Dental + Technik & Co. KG, Pforzheim) as zirconia substrate (95% ZrO2, 4% Y2O3, Al2O3<1%) and Zirox (a one-phase silicat glass ceramics without Leucite) as a veneering porcelain was used. The coefficient of thermal expansion of Zenotec Zr is given with 10.5x10 -6 /K and 9.3x10 -6 /K for Zirox by the manufacturer. The bonding between zirconia substrate and Zirox is mechanically and chemically: According to the instructions of the manufacturer the surface treatment of zirconia substrate is treated with instruments under low pressure and cooling with water. For surface finishing and cleaning the zirconia substrate is sandblasted with 110-150 µm Al2O3 at 2 bar and cleaned with water. Then a thin layer of liner is put on the substrate. For the moment there exist no standardized method for testing zirconia in terms of bond strength and fatigue. The aim of the study was to investigate the influence of sandblasting of zirconia substrate veneered with porcelain on the bond strength and static fatigue behaviour by Schwickerath-Test according to ISO 9693.
Methods

Preparation of samples
120 stripes of zirconia (Zenotec Zr, 25x4x0.8 mm) were fabricated by CAD/CAM technique. 60 samples were sandblasted on one side with 110 µm Al2O3 with a pressure of 2 bar and a distance of 5 cm of the sandblasting pen to the sample. In the middle of each stripe the veneering porcelain Zirox was applied over an area of 8x4x1 mm with different firings (liner, opaque, Dentin 1 and 2 according to the manufacturer`s instructions) using a special sample holder. All firings were done with a Multimat Touch (Dentsply). The firing profiles can be seen in Table 1 . For the calculation of the bond strength the equation (a) was used. For the determination of the time for crack growth the difference of the distance between the end of crack growth and and crack initation was calculated using the equation t=d/v with v as the crosshead speed. In a similar way the time until debonding of the veneered porcelain was calculated.
Static Fatigue Test
Before starting the staircase test each sample was stored in water for 48 hours. The 3-point-bending test device was put into a water bath and the specimen was covered with water. For the static fatigue test a staircase test was performed with a crosshead speed of 0.5 mm/min. starting from 5 N with a holding time of 4 h at every step and a step increase of 5 N. These steps were repeated until debonding of the veneered porcelain from zirconia substrate appeared. From each measurement a F-t-Diagram together with a d-t-Diagram was recorded. An example of a measurement plot with all the calculated parameters can be seen in image 2.
Results
The calculated parameters of all tests which were done in this study can be seen in Tab. 2 and Tab. 3. 
Results of bond strength test according to ISO 9693
Results of static staircase test
The calculated results can be seen in Table 3 . The results from staircase test showed a high standardiviation for both groups. Because the fracture occurred in different force of steps, the number of the fracture event at each step of force and for the remaining time at each step of holding time are listed in table 4 and 5. With the acoustic sensor it is possible to include more parameters like the debondig time of veneered porcelain and the time of crack growth. Thus, in addition to the bond strength information about of the remaining time of the veneered porcelain on the substrate is given. The acoustic sensor signal is useful to check if the crack intitation is corresponding to Fmax or not. This was different 4 times for the as machined and 3 times for the sandblasted zirconia samples.
To use the Schwickerath crack initiation test for the bond strength of dental ceramics and veneered porcelain, the diagram from ISO standard had to be adjusted to other thickness values and elastic modulus of ceramic substrates. The calculated bond strength data of this study had to be calculated again with the new adjusted k-factor.
Static Fatigue Test
The calculations of the static fatigue test were only possible in combination with the distance-time diagrams.
General
Sandblasting of Zenotec veneered with Zirox can improve the fracture resistance. This could be seen with the calculated force reduction of Fmax from Schwickerath-Test compared to the force step of fracture from static staircase test.
